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ABSTRACT 


Eltctrloal characteristics of Spsetrolab BSF 200-nicron Hellos 
N/P silicon solar cells are presented in graphical and tabular format 
as a function of solar illumination intensity and temperature. 
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SECTION I 


INTRODUCTION 


A aeries of reports Is being generated to present parametrlo 
oharaoterlzatlon data on both state-of-the-art and developmental solar 
cells of Interest to the photovoltaic community. These data consist of 
the electrical characteristics of the candidate solar cell under a wide 
range of temperature and Illumination Intensity combinations of the type 
encountered In typical space applications. This series (JPL Publication 
78-^5) will consist of a number of reports, each report being devoted to 
a particular type of solar cell and Identified by a volume number. Pre- 
viously published t'epctrts with their associated solar cell descriptions 
are listed In the bibliography to this dovument . Each repo'rt consists 
primarily of working graphs and tables and do^es not address Itself to 
interpretive conclusions. The formatting of this series of reports will 
be relatively Invariant to facilitate com^virlsona between the char.tcter- 
Istlcs of any of the cell ty|.>es considered In the series. This report 
contains a set of (vtrametrlc data on the S|iectrolab Hellos B;>E O.OJO- 
cm (8-mll) thick solar cell, which Is commercially available. 


SECTION II 
CELL DESCRIPTION 


The cells reported here were manufactured by Spectrolab and are avail- 
able as off-the-shelf space-gual ifled solar cells. These cells are fabricated 
from crucible-grown , P-type silicon, boron-doped to a nominal resistivity of 
10 ohm-om. The cell dimensions are 2 % 2 x O.OCO cm 18 mils) thick. A back 
surface field Is added by alloying a layer of evaporated aluminum Into the 
back of the cell. The electrical contact on the top surface consists of 
solderless Tl-Pd-Ag In a C4-flnger grid pattern with a bus bar running the 
length of one side. The rear contact Is a picture frame contact of the 
.same material. 

In order to obtain parametric teat data consistent with typical space 
applications, cover slides were mounted on the cells prior to testing. The 
cover slides were fused silica 0.015 cm (b mllsl thick with an 0.3*’ micro- 

meter cut -on dielectric interference filter. The cover slides were bonded to 
the surface of the cells with IVw-Cornlng 93-*’00 silicone adhesive. 


SECTION 111 
TbL'^T PKOCRAM 

The solar cells were mounted on a copper test plate using KTV 560. 
The test plate was in turn mounted to a heat sink with provisions for both 
heating and cooling so that the cells could be maintained at the desired 
temperature Independent of the solar Intensity. All testing was carried 
out In a vacuum at a pressure of less than 1 x 10“** torr. 
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The illumination source used was a Spectrolab Model X-25 Mark II 
Spectrosun filtered solar simulator. This simulator uses an optical 
integrator lens in the optical system which uniformly distributes a 
relatively collimated light beam at specific distances from a 2.50>kW 
short-arc xenon lamp. A system of filters modifies the spectral dis- 
tribution so that it approximates that of space sunlight. The light 
beam provides a pattern having e uniformity of ±M over an area of 
225 cm^ at the test plane. Illumination intensity is varied by position 
of the simulator in combination with transmission filters. The solar 
simulator beam is introduced into the vacuum chamber through a window 
of 79*10 fused silica. The solar intensity and spectral integrity of 
the solar simulator are constantly monitored and maintained using space 
calibrated standard cells obtained with the NASA/JPL solar cell balloon 
flight standardization program. Photographs of the solar cell, the 
assembled plate, and the experimental characterization test facility 
are shown in Figures A-1 through A-*l in the appendix. 

The temperature range covered in these measurements was -160 to 
140^0, while the solar Intensity range covered was 5 to 250 mW/cm^. 

The data were taken at each environment point in the matrix in the 
form of an I-V curve. The appropriate parameters were then re*'d from 
the I-V curves and punched on cards for the computer analysis and curve 
plotting functions. The cell temperature was monitored by a thermocouple 
attached to the surface of a separate cell mounted with the cells under 
test. Prior, intermediate, and posttest ambient measurements were 
performed daily to ensure that the accuracy and stability of the test 
equipment and the test specimens themselves were maintained within 
l2S during the course of the testing program. 


SECTION IV 

DISCUSSION OF RESULTS 


A computer program computes statistical averages and standard de- 
viations with respect to the measured cells for each intensity-temperature 
measurement condition. It then produces summary tables, as shown in 
Tables 1 to 7, that display averages and standard deviations of the cell 
characteristics in a two-dimensional array format, one dimension repre- 
senting cell temperature and the second dimension representing incoming 
light intensity (AMO spectrum). The program then produces plots of the 
various electrical parameters of interest, with either incident intensity 
or cell temperature as the independent variable, as shown in Figures 1 
to 14. Least sqnare fits to the data points are then made automatically 
to the measured data points using a second-degree polynomial for most 
parameters. The V^^ and Vg,p data points are fit with a linear equation. 
The curve factors and AMO efficiencies are not fit but are interconnected 
from point to point. In addition, the program calculates the temperature 
coefficients of the pertinent cell electrical parameters of interest, 
using the aforementioned curve fits, and plots these as a function of 


temperature, with intensity as a parameter, as shown in Figures 15 
through 18. 
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The figures are intended to be working artifacts; that Is, they 
are formatted In such a way that they can supply information of a general 
nature or may be used to generate predictions, comparisons, computer 
Input data, etc. To facilitate comparisons and inputting, all units 
are standardized as follows: 

2 

(1) All currents are In units of mA/cm . 

(2) All voltages are In units of mV. 

2 

(3) All power outpt are In units of mW/cm . 

(4) All curve factors are In dimensionless units. 

(5) All efficiencies are In percentages and are based on 

total cell area. 

(6) All temperatures are in ^C. 

2 

(7) All incoming Intensities are In units of mW/cm and are 
representative of an AMO spectrum. 

(8) All geometric dimensions are In units of cm or md (whichever 
is most convenient conceptually) . 

The tables included in this report contain complete numerical 
Information with respect to the average values of the following solar 
cell electrical parameters: Vqq, IPmax* ''Pnax* ^max* CF, and 

efficiency at each intensity-temperature combination. For each such 
parameter at each such intensity-temperature combination the standard 
deviation is presented to provide estimates of statistical validity. 

All efficiency, current, and power output data is on the basis of unit 
area derived by dividing measured output by total cell area. 

The Spectrolab Helios series of solar cells is a commercially 
available line which can be considered for space applications. Other 
solar cells in the Helios series include such features as textured surfaces, 
back surface reflectors, and 300-micron thickness. These other types 
of Helios cells will be tested and reported in the future. 


HIPLlOOftAPHV 


PKt^V10U3 VOLUMES 


Char«ot«rltat Ion of Solar Calls for Space Applications. JPL Publication 


Volume 1. Electrical Characteristics cf OCLl Violet Solar Cells as 
a Function of intensity and Temperature, March 1*17S. 


Volume II. Electrical Characteristics of Solarex *>0 Micron Solar Cells 
as a Function of Intensity and Temperature, August 1Q7S. 

Volume III. Electrical Characterlst Ics of OCLl Hybrid MLAR Solar Cells 
as a Function of Intensity and Temperature, September 197S. 
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Figure 7. Average AMO Efficiency as a Function of Temperature 
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Figure 12. Average as a Function of Intensity 
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Figure 16 Temperature Coefficient 
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Figure 17. Absolute P__„ Temperature Coefficient 
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Figure 18. Percent P^^^ Temperature Coefficient 
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969.97 


<9.07) 

<3.93) 

<3.73) 

<3.16) 

<2.99) 

<2.01) 

60.00 

306.00 

003.07 

069.97 

093.90 

909.09 

926.00 


<0.89) 

<3.96) 

<3.91 ) 

<3.30) 

<3.17) 

<3.11) 

00 .00 

- 

- 

023.60 

009.16 

061.16 

003.00 




<3.00) 

< 3.00) 

<3.32) 

<3.13) 

100.00 

- 

- 

370.99 

000.03 

017.62 

030.96 




<3.92) 

<3.03) 

<3.29) 

<3 .38) 

120.00 

- 

m 

333.39 

360.99 

372.61 

399.19 




<3.30 ) 

<3.62) 

<3.60) 

<3.61 ) 

loo . 00 

- 

- 

287.93 

319.60 

327.96 

391.96 




<3.67) 

<3.96) 

<3.00) 

<O.0O> 


NOTf: STANOAKD OCVIATIUNS ARL GIVEN IN PARCNTHLSCS. 
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Table 4. Average Ma<lmum Power Voltage 


SPCCTHCLAP nruos PSF 
N/P 10 OHH-CP CG Sh.ICOP 
2 X 2 X .020 CP 
TI-PD-AG CONTACTS* 2V LINES 
TA20S AP COATING 
7940 COVCP .35 PICRON CUT-ON 
•015 CP THICK 
SAPPLf SI2C 14 

CELL TEPP. SOLAR INTENSITY (PU/CP**2) 


(orc. o 

5.00 

25.00 

50.00 

100.00 

135.30 

250*00 

-IGO.OO 

520.43 

731.29 

026.93 

888.93 

- 



175.73) 

(98.27) 

(60.13) 

(18.29) 



-140,00 

530.00 

723.93 

799.71 

850.71 

- 

m 


(73.06) 

(02.64) 

(41.97) 

(11.82) 



-120. Ot 

526.93 

718.21 

775.57 

809.43 

- 

m 


(76.78 ) 

(63.35) 

(26.19) 

(7.47) 



-1 00.00 

518.36 

693.21 

739.21 

765.00 

- 

- 


(73.85) 

(43.45) 

(16.03) 

(4,57) 



-RO.CC 

515.64 

665.79 

700.29 

719.14 

724.79 

- 


(69.03) 

(26.21) 

(8.93) 

(3.74) 

(4.66) 


-fC.OC 

510.86 

632.21 

654.36 

670.57 

677.00 

679.36 


(59.18 ) 

( 13.68) 

(6.34 ) 

(4,99) 

(4,71) 

(4 .70) 

-40.00 

49?, 57 

590.21 

607.71 

623.50 

631.79 

634.00 


(46.43) 

(8.78) 

(6.32) 

(3.37) 

(4.85) 

(5.07) 

-?0.P0 

466.93 

547.43 

562.93 

578.07 

582.93 

590.07 


(30.64 ) 

(7.35) 

(5.40) 

(3.10) 

(4,57) 

(5.23) 

.00 

433.00 

500.79 

515.00 

530.71 

537.79 

543.07 


(17.33) 

(4.68) 

(3.70) 

(3.12) 

(5.48) 

(5.37) 

20. CC 

390.79 

452.07 

468.57 

485.79 

492.43 

498.07 


(10.22) 

(5.30) 

(3.41) 

(3.77) 

(4.70) 

(5.15) 

4C.or> 

347,64 

405.36 

423.07 

438.14 

445.21 

453.71 


(6.45) 

(3.75) 

(4.87) 

(3. )0) 

(3.93) 

(6.51) 

( o.oc 

301.71 

358.71 

379.50 

393.93 

402.50 

408.93 


(7.10 

(3,77) 

(3.74) 

(5.25) 

(3.86) 

(6.28) 

RO.OC 

- 

- 

334.93 

350,07 

360.36 

366.36 




(3.69) 

(3.08) 

(2.76) 

(6.42) 

ICC.OC 

- 

- 

291.71 

309.00 

318.14 

324.29 




(2.81 ) 

(2.66) 

(3.11) 

(6.39) 

WP.OO 

- 

- 

248.64 

267.21 

275.64 

282.00 




(3.93) 

(5.07) 

(4.40) 

(5.49) 

140. oc 

- 

- 

210.43 

228.14 

236.14 

242.79 




(2.28 ) 

(4.1 M 

(4.80) 

(6.08) 


AC'TF: STANCARD TEVIATIONS are given IN parentheses. 
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Table 5. Average Maximum Power 


SFICTKOLAB HELIOS BSE 
N/H 10 OHH-CM CC SILICON 
2 X 2 X .020 CH 
Tl>PO-AC CONTACTS* 2A LINES 
TA20S AK COATING 
79A0 COVER .3% NICRON CUT-ON 
• 01!) CH THICK 
SAHPLf SI/E 14 


CELL TCHH. 


SOLAN 

INTENSITY 

(HV/CH* 

•2) 


fPEC. C> 

•s.oo 

25.00 

50.00 

100.00 

135.30 

250.00 

-160.00 

.53 

3.77 

8.85 

19.63 

. 

• 


(.12) 

(.5H) 

(1.09) 

(1.47) 



-140.00 

.55 

3. HI 

R.85 

19.47 

• 

- 


1.11) 

( .54) 

( .97) 

(1.17) 



-120.00 

.56 

3.RR 

8.87 

19.21 

• 

• 


(.11) 

( .51 ) 

( .78) 

(.92) 



-100.00 

.56 

3.05 

8.75 

18.68 

- 

- 


(.11) 

(.42) 

( .59) 

(.70) 



-RO.OO 

.57 

3.79 

8.55 

18.05 

25.18 

- 


(.10) 

( .35) 

( .45) 

(.50) 

( .62) 


-60.00 

.56 

3.70 

8.19 

17.12 

23.82 

44.17 


(.10) 

(.26) 

(.32) 

1.38) 

(.39) 

( .82) 

-40.00 

.55 

3.56 

7.76 

16.12 

22.44 

41.25 


( .09) 

(.19) 

(.24) 

(.25) 

( .32) 

( .53) 

-20.00 

.54 

3.34 

7.24 

14.96 

20.81 

3 8.34 


( .07) 

(.14) 

( .19) 

(.18) 

( .28) 

( .47) 

.00 

.50 

3.11 

6.6 7 

13.82 

19.26 

35.55 


(.05) 

(.11) 

( .14 ) 

(.18) 

( .24 ) 

( .39) 

20.00 

.47 

2.85 

6.11 

12.70 

17.65 

32.79 


( .04 ) 

( .08) 

(.11) 

(.16) 

( .25) 

( .38) 

40.00 

.43 

2.57 

5.56 

11.48 

16.05 

29. 76 


( .0 3) 

( .06) 

( .09 ) 

(.14) 

(.15) 

( .36) 

(0.00 

.36 

2.29 

4 .96 

10.33 

14.41 

2 6.67 


( .02) 

(.05) 

( .08) 

( .10) 

(.17) 

( .41 ) 

HO .00 

- 

- 

4.35 

9.11 

12.80 

23.74 




(.06) 

(.10) 

( .15) 

( .41 ) 

100.00 

- 

- 

3.75 

7.94 

11.17 

20.65 




( .04 ) 

(.11 ) 

( .13) 

( .40) 

120.00 

- 

- 

3.15 

6.78 

9.59 

1 7.77 




( .04 ) 

( .12) 

(.15) 

( .39) 

1 40.00 

- 

- 

2.57 

5.63 

7.98 

14.93 




( .05) 

( .11 ) 

(.16) 

( .48) 


AOir: SIAM'AKO OLVIATIUNS AHE GIVEN IK fARENTHEStS. 
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Table 6. Avera<^e Curve Factor 


SFICTROLAP HCLIOS BSF 
N/F 10 OHM-CP C6 SILICON 
? X 2 X .020 CX* 

TI-P0-A6 CCNTACTSi 2A LINtS 
T*?OS AH COATING 
7940 COVER .35 MICRON CUT-ON 
.015 CM THICK 
SAMPLE SITE 14 


CEIL TEMP, 
(ULC. C) 

5.00 

SOL 

25.00 

-IFO.OO 

.55P6 

.6427 

-140.00 

(.CfOO) 
.5E 01 

( .0671 ) 
.6643 

-120.00 

1.0561 ) 
.5639 

( .0868) 
.6974 

-100.00 

(.0602 > 
.5711 

( .0640) 
.7163 

-MO. 00 

( .Of 72 ) 
.5tif 4 

(.0742) 

.7369 

-00.00 

(.075R) 
.f 0H4 

( .0632) 
.7586 

- 4 (. .00 

( .0644) 
.E319 

( .0469) 
.7724 

-20. OC 

( .0623 ) 
.6535 

( .0352) 
.7717 

.00 

(.0729) 

.(666 

(.0265) 

.7665 

20.00 

(.0(16) 

.6763 

( .0206) 
.75*6 

40 .00 

(.0480) 

.6742 

(.0151) 

.7413 

ro.oo 

( .0369) 
.6636 

(.0111) 

.7206 

HO. 00 

(.0286) 

(.01 14 ) 

1 oo .00 

- 

- 

120.00 

- 

- 

1 41 .00 

- 

- 

Norr: stancaho deviations ahi 


INTENSITY (MW/CM**2) 


50.00 

100.00 

135.30 

250.00 

.7282 

(.0843) 

.6069 
( .0588 ) 

- 

- 

.7472 
( .0765) 

.8184 

(.0487) 

- 

- 

.7704 
( .0628 ) 

.8311 

(.0376) 

- 

- 

.7876 

(.0493) 

.6357 

(.0287) 

- 

- 

.8004 

(.0368) 

.8372 

(.0207) 

.8464 

(.0176) 

- 

.8039 

.8293 

.8382 

.8344 

(.0267) 

(.0165) 

(.0112) 

( .0100) 

.8027 

.8202 

.8278 

.8165 

(.0206) 

(.0115) 

( .0099) 

( .0084 ) 

.7944 

.8073 

.8104 

. 7956 

(.0155) 

(.0085) 

(.0084) 

( .0078) 

. 7808 

.7904 

.7929 

. 7771 

(.0113) 

(.0073) 

( .0074) 

( .0083) 

.7656 

.7727 

.7742 

.7534 

(.0084) 

(.0071 ) 

(.0078) 

( .0096) 

.7483 

.7479 

.7499 

. 7293 

( .0065 ) 


(.0045) 

( .0100) 

. 7274 

.T268 

.7249 

. 7031 

(.0057) 

(.0056) 

(.0054) 

( .0117) 

. 7007 

.7006 

.6990 

.6751 

(.0046) 

(.0050) 

(.0064) 

(. J134) 

.6716 

.6707 

.6688 

.6421 

(.0042) 

(.0072) 

(.0074) 

( .0123) 

.6344 

. 3 6 0 

. 6 35 4 

.6099 

(.0047) 

(.0060 ) 

(.0085) 

(.0134) 

.5978 

.6098 

.5978 

.5723 

( .0044 ) 
GlVtN IN 

(.0069) (.0096) 

fare ntheses. 

( .0179) 
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Table 7. Averaine AMu Kfflciency 


SKCTKOLAf' HfLIOS l<Sf 

10 Ce SILICON 

2 »? » .o?c r*» 

n-lO-Al- CONTACTS. 2* LINCS 
TATOr. AK COATING 
7S4C COVIP .3*^ HICHON CUT'ON 
.01^ CM THICK 
SAMCLL S17E 1* 


CELL TEME, 


SCLAR 

INTENSITY 

(MW/CM* • 

2) 


IDEO. C) 

*1.00 

2b. CO 

bO.OO 

100.00 

13b. 30 

2b0.00 

-Ifb.OU 

10.97 

lb. 07 

17.70 

19.63 

• 



<2.33» 

(2.30) 

(2.18) 

( 1 .A7 ) 



-1 AO.fO 

11.08 

lb .22 

17.71 

19.^7 

- 

. 


12.20) 

(2. U ) 

( 1 .9A) 

(1.17) 



-I?0.00 

11.28 

Ib.M 

17.7b 

19.21 

- 

. 


(2.17) 

(2.CA) 

(1 .b7) 

(.92) 



-IOC. CO 

1 1.2( 

lb.A2 

1 7.b0 

18.(8 

- 

- 


(2.13) 

( l.tS) 

(1.17) 

(.70) 



-KO .00 

11.3b 

lb. If 

17.09 

18.0b 

18. fl 

• 


C.OO) 

(l.Al) 

( .90 ) 

( .bP) 

(.Ab) 


-fC.OC 

11.21 

lA.fO 

lb. 39 

17.12 

1 7.(1 

1 7.b7 


( 1 .92) 

( l.OA) 

( .(>3) 

(.38) 

( .29) 

( .33) 

-AO. 00 

11.10 

1 A , 2f 

lb .M 

If .12 

If .b8 

If .50 


(1.70) 

( .77) 

( .A9) 

(.2b) 

( .2A) 

( .21) 

-20.00 

10.73 

13. 3A 

1 A .Af 

lA.9f 

15.38 

15.3A 


(l.Al) 

( .b8) 

( .37) 

( .18) 

(.21) 

( .19) 

.00 

10.0 ) 

12. 4A 

13. 3A 

13.82 

1 A.2A 

1 A. 22 


(1.09) 

(.A3) 

(.28) 

(.18) 

(.18) 

( .If) 

20 .00 

9.A1 

1 1 .38 

12.22 

12.70 

13. OA 

13.12 


( .79) 

(.3A) 

( .22) 

( .16) 

( .18) 

(.15) 1 

AU.OC 

8.bA 

10.29 

11.11 

1 1. A8 

1 1 .8b 

11.91 ! 


( .b8) 

( .2A) 

( .17) 

( .lA) 

( .11 ) 

( .lb) 

A<0.00 

7.b3 

9. lA 

9.9r 

10.33 

10. bb 

10.(7 


(.Ab) 

( .21 ) 

( .lb ) 

(.10) 

(.13) 

( .If ) 

PO.OO 

- 

- 

8.70 

9.11 

9.A( 

S.bO 




(.12) 

( .1(1) 

(.11) 

( .If ) 

ICO. 00 

- 

- 

7.b0 

7.9A 

8.2f 

8.2f 




( .09) 

(.11 ) 

( .09) 

( .If ) 

iro .00 

- 

- 

f .29 

f .78 

7.09 

7.11 




( .08 ) 

1.12) 

(.11 ) 

( .lb) 

1 AO. 00 

- 

- 

b.lA 

b.b3 

b.90 

5.97 




( .10 ) 

( .11 ) 

( .12) 

( .19) 


NOTi: STANDARD OLVIATIONS ARC GIVEN IN IARLNTHFSES. 
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Figure A-1. Solar Cell 
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